The compositions of modern mauveines I and II made using tert-butyl-p-toluidine are analysed by HPLC and compared with authentic mauveine and a standard consisting of mauveine A, B 2 , B and C. The composition of modern mauveine II is similar to that of authentic mauveine.
MOSI mauveine, from Blakely, 14 is sealed with a Perkin & Sons cork so most likely came from Perkin's factory. Our studies have centred upon the preparation of derivatives similar to those found in mauveine, 15, 16 and upon the synthesis of mauveine that has the same composition as authentic mauveine. 17, 18 This is because mauveine prepared by the potassium dichromate oxidation of a mixture of p-toluidine, o-toluidine and aniline, a method we dubbed Perkin's stated method, gives a standard product mixture of mauveine A, B 2 , B and C. 19 These four products were isolated and fully characterised. 19 However, authentic mauveine is rich in mauveine A and B only. Although a comparison of low resolution HPLC traces of authentic mauveine and as synthesised mauveine was made, we felt that the significance was overlooked and the trace was of low resolution. 19 We have published photographs of TLC plates to try and give a visual indication of the experimentation since the chromophores are coloured. 17, 18 So far we have not been able to make authentic mauveine by following Perkin's method. However, we were able to get a much better match to authentic mauveine by the potassium dichromate oxidation of tert-butylp-toluidine, o-toluidine and aniline followed by the deprotection of a mixture of intermediate tert-butylated chromophores. So p-toluidine has been replaced by tert-butyl-p-toluidine, which increases the yield considerably. The preference for mauveine A and B was rationalised by assuming that tert-butyl-p-toluidine could no longer couple to give mauveine B 2 or C. Aniline would always couple into the centre position. This is easy to see from the Fig. 1 .
We now describe our HPLC studies on mauveine made using tert-butyl-p-toluidine and makes comparisons to authentic mauveine.
Discussion
HPLC traces are shown in Figs 2-5 and some ratios of peak integrations are in Table 1 . A number of spiking studies were performed to allow accurate identification of compounds with the same retention times (see experimental section). Chart 1 is of authentic mauveine. Mauveine A and B have previously been characterised spectroscopically by others 14 and by us from our synthetic work. 17, 18 We also separated small quantities of mauveine A and B from authentic mauveine and confirmed the molecular ions to be correct. The predominance of mauveine A and B is clear. Their peaks are approximately equal, and the extra fingerprint peak B x , after mauveine A, is about 30% of the mauveine A peak. Chart 2 shows a standard of mauveine A, B 2 , B and C. The standard was made as described by de Melo and all four compounds have previously been isolated and characterised spectroscopically. 18 Chart 3 is a mixture of the standard and the authentic mauveine. The A and B peaks align but the so-called fingerprint peak B x in authentic mauveine is not mauveine B 2 . Likewise the chromophore to the right of mauveine B in authentic mauveine is not mauveine C. We call this peak C x . The two samples, of approximately equal concentration, must be mixed in a vial prior to injection as the retention times are quite close. The B x and C x peaks, in authentic mauveine, have unknown identities. Since they are minor components of the mixture, and authentic mauveine is in short supply, they will probably be hard to characterise. These two peaks, B x and C x , were previously suggested as being mauveine B 2 and C by comparison to the standard, but the HPLC trace published was of low resolution. 19 Our samples sometimes show a C x peak immediately after mauveine B, but not always, depending upon the composition of the aryl amines.
Chart 4 shows a typical mixture of chromophores, mauveine I, prepared using tert-butyl-p-toluidine, which we photographed previously. Chart 5 shows this mixture spiked with the standard and Chart 6 shows this mixture spiked with authentic mauveine. Again the fingerprint peak B x is not mauveine B 2 and has the same retention time as the compound B x in authentic mauveine, Chart 6. The C group chromophores are just visible in Chart 4. These observations suggests that modern mauveine I might be made the same way as authentic mauveine, and by a method which is different from that of the standard, Perkin's stated method. These studies show that the ratio of mauveine A/B is still too low compared to that in authentic mauveine and the amount of the fingerprint component B x is too high compared to mauveine A (Table 1) . After some experimentation it was discovered that increasing the quantity of acid favours more mauveine A and that the ratio of aniline to o-toluidine can be reduced at lower pH (Chart 7 of mauveine II). This actually gives a good ratio of mauveine A/mauveine B x (fingerprint peak) and a good match for the mauveine A/B ratio compared to authentic mauveine (Table 1) . Also a moderate increase in acid increases the yield from 4-5% to about 8-9%, whereas the yield of mauveine by Perkin's method is about 1-2% in our hands. Chart 8 shows the standard with this chromophore mixture and Chart 9 shows authentic mauveine with this mixture. In both cases the solutions were mixed in a sample vial prior to injection. The mixture with the standard shows that the fingerprint peak B x , of modern mauveine II, is different from peak B 2 of the standard, as expected. The mixture with authentic mauveine verifies that peaks A, B x and B of modern mauveine II have the same retention time as the corresponding peaks in authentic mauveine, as before for Chart 6. Schunck's mauveine and Caro's mauveine are the same and are rich in pseudomauveine. [11] [12] Chart 10 is of Schunck's mauveine. Aniline itself was also oxidised with CuCl 2 ·2H 2 O which gave just pseudo-mauveine. In the Dale and Caro patent, only aniline was oxidised. 20 This had not been enriched with toluidines and so might explain the formation of mauveine rich in pseudo-mauveine by this method. The purity of the amines will affect the ratio of the products which form.
Conclusions
HPLC studies show that mauveine can be made using tert-butylp-toluidine that is a good match to the composition of authentic mauveine. HPLC studies also show that the fingerprint peak B x in authentic mauveine, 30% of mauveine A in intensity, has the same retention time as the corresponding fingerprint peak in modern mauveines I and II, made from tert-butyl-p-toluidine. These three identical peaks (B x ) were shown to have a different retention time from the corresponding peak in the standard (B 2 ) made by Perkin's method. Peak C x in authentic mauveine is also different from mauveine C in the standard made by Perkin's method. Even without knowing what these fingerprint peaks are, these differences in retention time, and the different compositions, suggest the possibility of a different or modified manufacturing process from the popular supposition.
A chemical inventory for Perkin's factory, contained in a lawsuit filed by the new owners in 1874, is shown in the Electronic Supplementary Information. This gives an insight into the chemicals that might have been available to make coaltar dyes. The current results cast some doubt on the accuracy of the historical description of the process used to make mauveine by Perkin.
Experimental
IR spectra were recorded on an ATI Mattson FTIR spectrometer using KBr discs. UV spectra were recorded using a PerkinElmer Lambda 25 UV-Vis spectrometer with CH 2 Cl 2 as the solvent. 1 H and 13 C NMR spectra were recorded at 400 MHz and 100.5 MHz, respectively, using a Varian 400 spectrometer. Chemical shifts, δ are given in ppm measured by reference to the residual solvent and coupling constants, J are given in Hz. Low resolution and high resolution mass spectra were obtained at the University of Wales, Swansea using electron impact ionisation and chemical ionisation. Melting points were determined on a Kofler hot-stage microscope. HPLC used an Agilent 1200 Infinity Series 1220 LC System VL with a 15 cm long C18 reverse phase column and gradient elution using H 2 O/0.1% formic acid/MeOH over 45 min [10 min, 50/50; 20 min, 40/60; 30 min, 25/75; 35 min, 0/100; 40 min, 50/50]. The detector was set at 550 nm. Mauveine I and II and all other samples of mauveine were purified by two chromatography columns prior to HPLC analysis. Minor differences in purity in the HPLC charts, compared to authentic mauveine, probably reflect the differences in methods of purification. 
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Method 2 (Modern mauveine II) (HPLC Chart 7). N-tert-Butyl-p-toluidine hydrochloride (373 mg, 1.87 mmol, 1.0 equiv.), o-toluidine (300 mg, 2.8 mmol, 1.5 equiv.) and aniline (261 mg, 2.8 mmol, 1.5 equiv.) were dissolved in distilled water (100 mL) acidified with cH 2 SO 4 (12 drops, 0.6 mL) then treated with K 2 Cr 2 O 7 (0.95 g, 3.20 mmol) and stirred at 40-45 °C for 12 h. The purple reaction mixture was filtered through a fine pore sinter and washed with cold water (200 mL). The precipitate was extracted with MeOH (40 mL × 8) in the sinter each time agitating the precipitate in MeOH before filtration through the sinter under reduced pressure. The combined extracts were heated to dryness. The product was purified by chromatography on silica gel. MeOH firstly eluted impurities then cNH 3 /MeOH (20 : 80) eluted a mixture of purple chromophores that were not separated. After evaporating to dryness in a beaker the product was then treated with MeOH (10 mL) then cHCl (10 mL) and evaporated to dryness on a hotplate with a fume hood on. The product was purified by chromatography on silica gel. MeOH firstly eluted a small amount of impurity then cNH 3 /MeOH (20 : 80) eluted predominantly a mixture of mauveine A and mauveine B (75 mg, 8.5%) (85% from the above tert-butylated mixture). The sample analysis was verified by purification of a small sample (25 mg) by chromatography on silica gel and collecting fractions. Elution with secBuOH : EtOAc : H 2 O : HOAc (60 : 30 : 9.5 : 0.5) gave firstly mauveine B then mauveine A with the same spectroscopic properties as literature material. 18 Schunck's mauveine (HPLC Chart 10) was obtained from the Museum of Science and Industry, Manchester.
Pseudomauveine Aniline (500 mg, 5.38 mmol) in H 2 O (100 mL) and cH 2 SO 4 (six drops, 0.3 mL) was treated with CuCl 2 ·2H 2 O (4.6 g, 27.0 mmol) and stirred at 50 °C for 12 h. After cooling the reaction was filtered, then extracted with MeOH (6 × 50 mL). The combined MeOH extracts were evaporated to dryness and the mixture was purified by chromatography on silica gel. Firstly, MeOH eluted front running impurities then cNH 3 /MeOH (80 : 20) eluted the title compound (13 mg, 0.6%) as a dark solid. The product was identical to material reported previously by us. 15 The proton and carbon spectra are given in the Electronic Supplementary Information.
Electronic Supplementary Information
The NMR spectra of pseudo-mauveine and the New owners chemical inventory of Perkin's factory 1 January 1874 have been deposited in the ESI available through: stl.publisher.ingentaconnect.com/content/stl/jcr/supp-data
